Evaluation of some biomarkers of inflammation in male Albino Wistar rats following ingestion of Nigerian Bonny Light Crude Oil (NBLCO) and the effect of antioxidant supplementation was the focus of this study. Forty-eight adult male Albino Wistar rats weighing 150 -180 g were randomly divided 8 per group into: group I (control) oral gavaged 3 ml/kg of normal saline; group II received 3 ml/kg of NBLCO; groups III, IV and V received in addition to 3 ml/kg of NBLCO 1 ml/kg vitamin C, vitamin E and 3 ml/kg of honey bee respectively; group VI received 3 ml/kg of honey. After 28 days of treatment, all animals were anaesthetized with chloroform and blood collected by cardiac puncture for analysis. Results showed that NBLCO administration significantly increased erythrocyte sedimentation rate and C-reactive protein while supplementation with antioxidant significantly reversed such effects (p < 0.05). NBLCO significantly reduced platelets and fibrinogen levels compared with the control group (p < 0.05). Interestingly, the vitamin supplementation significantly reduced platelets and fibrinogen levels compared to group II (NBLCO) (p < 0.05). Honey supplementation on the other hand significantly reduced platelets and fibrinogen compared to group II (NBLCO) (p < 0.05). From the results obtained it is concluded that ingestion of NBLCO has the potential to induce development and progression of inflammation but could substantially be mitigated by supplementation with antioxidant vitamins C, E and honey.
Introduction
Bioaccumulation of petroleum hydrocarbons has been reported to account for its hazardous effects by induction of oxidative stress leading to generation of free radicals [1] [2] . Such accumulation in turn causes a wide range of damage to critical cellular macromolecules including DNA, lipids and proteins [3] , which is suspected to be mediated through lipid peroxidation [4] . Consequently, there is disruption in the functions of tissues and vital organs resulting in inflammatory-related disease conditions such as atherosclerosis. Compelling evidence from experimental researches has opened a window into the role of inflammation, the underlying cellular and molecular mechanisms that contribute to atherogenesis. Atherosclerosis is associated with deranged lipid metabolism [5] and micro-inflammation. In reference to lipid metabolism, cholesterol fractions are very important factor in the development of Cardiovascular Diseases (CVD); thus the ratio of triglyceride, Low Density Lipoprotein (LDL) and High Density Lipoprotein (HDL) are of immense importance. The classical concept of the pathogenesis of CVD, based on lipid and lipoproteins is highly associated with low HDL-C and elevated LDL-C. Elevated LDL-C is a central atherogenic lipoprotein class [6] in pathogenesis of atherosclerosis. There appears to exist a positive correlation between improper distribution of lipid, lipoprotein fractions and some predisposing factors such as genetic and environmental insults [7] including crude oil [8] ; such insults can trigger off a cascade of inflammatory events associated with other agents like neutrophils, lymphocytes and platelets leading to atherosclerosis. Up regulation of adhesion molecules by blood leukocytes and inflammatory cytokines in endothelial cells is associated with the recruitment and accumulation of leukocytes and platelets on the endothelial cells lining the vasculature and in turn promote neutrophils, monocytes, lymphocyte, platelets and endothelial cell interactions [9] . Such cellular interactions between blood cells and endothelial cells may result in injury to the endothelium [9] . At high concentration, LDL particles could invade the endothelium and become oxidized by free radical agents. The oxidized LDL-C can then promote atherosclerosis. This is achieved by attracting other cells such as circulating mononuclear cells; lymphocyte and macrophages [10] with potentials to produce inflammatory chemicals cytokines, which are coupled with the capacity of macrophages to take up LDL and transform such into foam cells [11] . Furthermore, inflammatory cytokines are known to promote adhesion of platelets to the vascular endothelium, attracting leukocytes and indeed enhancing progression of plaque growth.
The concentration of oxidants in the body can be elevated by xenobiotic insults such as oil [12] . The presence of free radicals and Reactive Oxygen Species (ROS) is of the outmost importance in the pathogenesis of cellular dysfunction. The pathogenic mechanism is in one way or the other associated with inflammation, and is implicated in the pathogenesis of various cardiovascular diseases, neurodegenerative disorder, autoimmune disease, diabetes and cancer [13] - [15] .
The consumption of foods and substances rich in anti-oxidants may protect against and prevent the pathogenesis of chronic inflammatory disorders. Amelioration or mitigation of the toxic effects of crude oil exposure would therefore require the search for agents capable of neutralizing the damaging effects of the released free radicals. Bee honey is such a natural agent as it is a reservoir for several important substances and these include mainly anti-oxidants [16] . Thus, the evaluation of some inflammatory biomarkers in male Wistar rats following ingestion of NBLCO and the role of antioxidants: bee honey, vitamins C and E, was therefore, the focus of this study.
Materials and Methods

Chemicals and Drugs
The crude petroleum used in this study was obtained from the EXXON/MOBIL laboratory, Ibeno, Nigeria. The bee honey was purchased from a local market situated in Uyo, Akwa Ibom State, Nigeria. The vitamin C tablets and vitamin E capsules were products of Softgel Healthcare Private Ltd, India.
Experimental Animals
Male Albino Wistar rats weighing between 150 -180 g were obtained from the animal house of the Faculty of Basic Medical Sciences University of Calabar, Nigeria and were kept in a well-ventilated section of the Animal House in the Faculty of Basic Medical Science University of Uyo, Uyo Nigeria. They were allowed access to feed (Chow: vital feeds, Grand Cereals Ltd, Jos) and water ad libitum. The animals were allowed to acclimatize for a period of one week.
Experimental Design and Treatment of Animals
A total of forty-eight (48) adult male Albino Wistar rats were randomly divided into six groups (group I, II, III, IV, V, and VI). Group I served as the control and was oral gavaged 3 ml/kg body weight of normal saline. Group II was oral gavaged 3 ml/kg body weight of NBLCO. This dose was calculated as 20% of the lethal dose (LD 50 ) of 14.14 ml/kg, while groups III and IV in addition to 3 ml/kg body weight of NBLCO, were supplemented with 1 ml/kg body weight of vitamins C and E respectively. Group V in addition to 3 mi/kg body weight of NBLCO were supplemented with 3 ml/kg body weight of 50% bee honey solution. Group VI was oral gavaged 3 ml/kg body weight of 50% bee honey solution only. In all cases, the doses were based on the rat's most recently recorded body weight. The calculated volume in milliliter (ml) was applied daily for twenty eight (28) days. The experimental procedures involving the animals and their care were conducted in conformity with the approved guidelines by the Research and Ethical Committee of the Faculty of Basic Medical Sciences, University of Uyo, Uyo. Nigeria.
Collection of Blood Sample for Analysis
After the twenty eight (28) days of administration, the rats were anaesthetized with chloroform soaked in swap of cotton wool in a desiccator. Blood was collected by cardiac puncture with a 5 ml sterile syringe and needle. The total volume of blood collected was 10 ml, which was divided into three portions in the ratio of 3:5:2. One portion (3 ml) was transferred into EDTA sample bottles for determination of platelet counts using automated hematology analyzer (BC-2300, Mindray, Germany). The second portion (5 ml) was transferred into plain sample bottles. This was allowed to stand for 2 hours to clot after which the blood sample were then spun with a table top centrifuge (RM-12 micro centrifuge, REMI, England) at 4000 rpm for 10 minutes. The serum was then carefully separated with the help of Pasteur pipette into clean labeled sample bottles and preserved at −20˚C until assayed for serum chemistry. The third portion of 2 ml was used for the determination of ESR by Westegren method.
Determination of C-Reactive Protein
Serum C-reactive protein level was determined by the latex agglutination method [17] [18] . This was done using Biosystems C-reactive protein latex from Spain.
Determination of Fibrinogen
Centronic protein diagnostic kit from Germany was used for the determination of fibrinogen by turbidimetric immunoassay method as described by Etzel et al. [19] .
Lipid Profile
The lipid components such as triglyceride and HDL-C were estimated in serum using standard kits supplied by Randox (UK), and Dialab (France) respectively. Total cholesterol, on the other hand was estimated using standard kits from Randox (USA).
Calculation of Low Density Lipoproteins (LDL) and Very Low Density Lipoprotein (VLDL)
The values of LDL and VLDL were obtained mathematically using the formulae below respectively [20] .
Statistical Analysis
Data were expressed as the mean ± standard error of the mean and values of p < 0.05 were considered significant. Statistical analysis was carried out using window SPSS package (SPSS 22.00 version). Data were analyzed using one way analysis of variance (ANOVA), results obtained were further subjected to test for least significant difference (LSD).
Results
Effect of NBLCO, Honey, Vitamins C and E Administration on Erythrocyte Sedimentation Rate (ESR) and C-Reactive Protein (CRP) Levels in Rats
The mean values of the ESR and CRP obtained are shown in Table 1 . The results show that NBLCO significantly increased both ESR and CRP compared to group I (control) (p < 0.05). Honey, vitamins C, and E supplementation significantly reduced ESR level compared to group II (p < 0.05). While groups V (supplemented with honey) and VI (honey only) recorded significantly lower value of CRP compared to group II (p < 0.05), vitamins C and E supplementations did not alter CRP level significantly. ESR values in group III was significantly higher than group I but values obtained in groups IV, V and VI were not significantly different from group I.
Effects of Nigerian Bonny Light Crude Oil and Some Antioxidant Supplementation on Platelet and Fibrinogen Levels in Rats
The NBLCO in group II significantly decreased the mean platelets count and fibrinogen level compared to group I (p < 0.05). Interestingly the values of these two parameters were significantly reduced in groups III-V supplemented with antioxidants as well as group VI which had honey only compared to group II (p < 0.05), Table 2 .
Effect of NBLCO and Antioxidant Supplementation on Lipid Profile
The mean values of lipid profile obtained in the study are presented in Table 3 . The results showed that NBLCO administration did not alter total cholesterol significantly compared with groups I (control) and V. The value of total cholesterol in group II (NBLCO) was however significantly higher than those of groups III, IV and VI. The NBLCO administration did not alter triglyceride level compared with groups I, III, IV and VI, but honey supplementation in group V significant raised triglyceride level compared with group II (NBLCO), (p < 0.05).
NBLCO administration to group II animals significantly reduced HDL level when compared with the control group (p < 0.05) but did not alter HDL-C significantly compared with groups III-VI. Groups III, IV and VI also recorded significantly low values when compared with the control (p < 0.05). Honey supplementation in group V caused a significant increase when compared with group III (p < 0.05).
Crude oil administration to group II animals caused a significant increase in LDL level when compared with groups I and V (p < 0.05). Supplementation with vitamins C, E, and honey in groups III, IV and V respectively significantly reduced LDL-C compared with group II (p < 0.05).
There was no significant change in VLDL-C values in groups II, IV and V when compared with group I. But the value of VLDL-C in group II was significantly higher than values for groups III, IV and VI (p < 0.05).
Discussion
The present study has shown that ingestion of NBLCO results in a significant increase in the major biomarkers of inflammation such as ESR, and CRP. Additionally, administration of NBLCO significantly reduced fibrinogen. Significant elevation of low density lipoprotein cholesterol (LDL-C) following crude oil ingestion was also recorded. The data so reported are all suggestive of an inflammation induced possibly by NBLCO. Concomitant reduction in serum albumin level and elevated serum globulin could directly be linked with inflammatory reaction giving rise to the elevated ESR recorded, the ratio of albumin to globulin is important in determination of ESR as globulin is a known plasma protein fraction that contributes majorly to ESR elevation.
The significant increases in ESR and CRP as a consequent of NBLCO administration are suggestive of high inflammatory reactions occurring in the experimental animals. Although the relationship between the rats' adipose tissue and lipid profile was not investigated, suffice it to state that adipose tissue is a great reservoir of inflammatory factors, such as IL-6 and C-reactive protein (CRP), which also are well established markers of systemic inflammation [21] .
The NBLCO administration has recently been reported to substantially interfere with immune function with high risks of inflammatory response as it elevated neutrophil, neutrophil-lymphocyte count ratio, globulin, IgG and IgM [22] . The administration of NBLCO significantly reduced platelet count, and platelets are known important component of active inflammatory reaction. Although platelet aggregation was not part of this study, the reduction in platelet so recorded could probably be due to the fact that greater percentage of platelet in circulation may have been mopped up into the inflammatory process itself thereby reducing its number in circulation. Another possibility for the reduction could be linked to the effect of NBLCO on haemopoietic systems, as toxic components of crude oil is reported to change the chemistry of the blood components and induce anaemia [23] . This it does by causing the bone marrow hypoplasia and interfered with platelets counts and other blood cells in the animals [23] .
The two important biochemical indices that can be used to assess the health status of the liver are the serum levels of albumin and globulin. Albumin, which is synthesized in the liver, is a major protein that circulates in the blood stream [24] . The ingestion of NBLCO has been reported to be toxic to the hepatocellular elements; this might be the consequence of inflammation of the liver among other organs. Crude oil contains toxic compounds like polycyclic aromatic hydrocarbons (an important constituents of crude oil), which may have caused damages to the liver thereby interfering with the synthetic function of the liver.
The results of this study show inappropriate distribution of lipoprotein fractions in the rat. Triglyceride level was significantly reduced, which agrees with similar result reported by Ita and co-workers [25] , who argued that low triglyceride will occur since the body tissues may likely resort to triglyceride as primary alternative energy substrate to hypoglycemic effect of NBLCO ingestion. The significantly higher levels of low density lipoprotein cholesterol (LDL-C) and lowered levels of high density lipoprotein cholesterol (HDL-C) recorded in this study is suggestive of interference with lipid metabolic process by the NBLCO. These results corroborate earlier studies where other petroleum products such as distillate aromatic extract gasoline [26] were reported to interfere with lipid metabolism. Such interference by NBLCO was reported to result in high serum total cholesterol, LDL-C and decreased HDL-C levels [8] . These results are suggestive of the risk of developing cardiovascular diseases (CVD) as earlier postulated by McKee and McKee [27] , when crude oil is ingested or crude oil contaminated diet is consumed. At the present time, cardiovascular disease (CVD) is recognized as a chronic inflammatory condition of the vessel wall that result from the trans-endothelial passage of cholesterol-rich atherogenic apo-β lipoproteins (VLDL-C, IDL, and LDL) from the plasma into the intima. The retention of cholesterol and LDL in the sub-endothelial space could attract infiltration of platelets and macrophages and perhaps other chemicals agents into the cells of the arterial wall as earlier reported by Williams and Tabas [28] . It can then be postulated that atherogenic potential of NBLCO might be accelerated by inflammatory tendencies of its toxicants. In line with this argument, Bendit [29] reported that injury to large blood vessels caused by toxic insult to vascular wall could trigger inflammatory response as inflammatory responses are essential components in the initiation and evolution of atherosclerosis. The development of atherosclerotic lesions, regardless of other risk factors is characterized by the disruption of the normal function of the endothelial cells, which may be due to high level of LDL with corresponding reduction in HDL level recorded in this study, and this could probably result in high yield of free radicals to cause damages. Chronic inflammation is directly associated with atherosclerosis following NBLCO ingestion; since exposure to environmental xenobiotic like polycyclic aromatic hydrocarbons (PAHs) has been reported to be among the risk factors for atherosclerosis [30] [31] .
Interestingly, the administration of antioxidant agents such as honey, vitamins C and E have shown potentials of reversing the reported effects of NBLCO in rats by significantly reducing the level of these biomarkers for inflammation.
Conclusion
The results of the present study have also indicated that ingestion of NBLCO has significantly raised fibrinogen levels, which account for high ESR recorded in this study. Nigerian Bonny Light Crude Oil (NBLCO) caused reduction in platelet population, which probably could be due to platelet aggregation involved in the inflammatory process. Conclusively, the administration of NBLCO promotes inflammation in tissues as indicated by substantial elevated levels of Erythrocyte Sedimentation Rate (ESR) and C-Reactive Protein (CRP). The inflammation induced by Nigerian Bonny light crude oil could be mitigated or ameliorated with antioxidants supplementation.
